conductor" type (AgI-AgP03, AgI-Ap,B02 and AgC1-CsI) h a s been s t u d i e d using a Rheovibron mechanical a n a l y z e r i n t h e temperature range -190 t o 200°C. I n most c a s e s a s i n g l e l o s s peak a t low temperature i s found f o r fixed-frequency scans. 
INTRODUCTION

Although t h e t e c h n o l o g i c a l need f o r s o l i d e l e c t r o l y t e s has l e d t o an e x p l o s i v e inc r e a s e i n t h e number of c o n d u c t i v i t y s t u d i e s i n c r y s t a l l i n e and v i t r e o u s i o n i c materi a l s , t h e r e h a s been r e l a t i v e l y l i t t l e a t t e n t i o n given t o t h e response of t h e mobile i o n s t o mechanical, a s opposed t o e l e c t r i c a l , s t r e s s e s . Apart from c l a s s i c s t u d i e s focussed on normal oxide g l a s s e s , t h e r e h a s o n l y been t h e u l t r a s o n i c s s t u d y of
Carini and c o l l e a g u e s on AgI-Ag*O-B203 g l a s s e s /1/. This i s u n f o r t u n a t e because t h e mechani c a l response i s q u a l i t a t i v e l y d i f f e r e n t from t h e e l e c t r i c a l response i n s o f a r a s t h e r e a l p a r t o f t h e modulus remains f i n i t e a t low f r e q u e n c i e s . An e l e c t r i c a l s t r e s s a c t i n g on t h e same i o n s w i l l be completely d i s s i p a t e d by t h e unimpeded motion of t h e i o n s a c r o s s t h e sample. Furthermore, t h e mechanical response i s a secondary relaxat i o n , t h e primary r e l a x a t i o n being t h a t which l e a d s t o t h e g l a s s t r a n s i t i o n .
For t h e c l a s s i c a l (weakly-conducting) g l a s s e s , t h e i n v e s t i g a t i o n of mobile ion motion i s t e d i o u s because of t h e small magnitude of t h e l o s s . For f a s t ion conduct o r s , on t h e o t h e r hand, t h e l o s s e s a r e much g r e a t e r , a n d l e s s -s e n s i t i v e instruments such a s a Rheovibron (Toyo Instruments I n c . ) may be employed w i t h a r e s u l t a n t inc r e a s e i n r a t e o f d a t a a c q u i s i t i o n o f a t l e a s t one o r d e r of magnitude.
I n t h i s r e p o r t we d e s c r i b e e s s e n t i a l f e a t u r e s of t h e mechanical response of t h r e e types of f a s t i o n conductors over wide temperature ranges.
EXPERIMENTAL SECTION
The p r i n c i p l e s o f t h e measurement a r e i l l u s t r a t e d i n Fig. 1 . Two sample configurat i o n s a r e i n common use. The f i r s t u t i l i z e s a f i b e r which i s h e l d between s t a i n l e s s s t e e l jaws connected t o t h e frequency g e n e r a t i n~ and s t r e s s / s t r a i n d e t e c t i n g elements of t h e Rheovibron. A s i n u s o i d a l s t r a i n cllis a p p l i e d , and t h e l a g of t h e s t r e s s a2 behind t h e s t r a i n is recorded a s t h e l o s s tangent i l l u s t r a t e d i n t h e lower p a r t of t h e f i g u r e . The second, from which t h e same information can be a c q u i r e d , u s e s t h e F i g . 2 -Loss s c a n s f o r AgI-&PO3 g l a s s e s .
f l e x u r e c o n f i g u r a t i o n i l l u s t r a t e d i n t h e c e n t e r s e c t i o n o f F i g . 1. The jawlsample assembly is e n c l o s e d i n a v a r i a b l e t e m p e r a t u r e metal b l o c k , and t h e l o s s t a n g e n t and dynamic modulus a t c o n s t a n t f r e q u e n c y a r e r e a d a t f r e q u e n t i n t e r v a l s d u r i n g a slow t e m p e r a t u r e s c a n from -200 t o + 200°C ( a s needed).
RESULTS
Complete s c a n s , from t h e low t e m p e r a t u r e regime where t h e "mobile i o n " l o s s is rec o r d e d , up t o t h e h i g h t e m p e r a t u r e l i m i t where t h e v i s c o e l a s t i c r e l a x a t i o n o c c u r s ( l a r g e l o s s w i t h sample s t r e t c h i n g ) i s i l l u s t r a t e d i n F i g . 2 . Two c o m p o s i t i o n s i n t h e s y s t e m AgPO3-Ag1 a r e r e p r e s e n t e d . The agreement o f t h e v i s c o e l a s t i c l o s s temp e r a t u r e w i t h t h e u s u a l (DSC) ~l a s s t e m p e r a t u r e Tg, i s shown i n t h e i n s e r t . D e t a i l s
of t h e low t e m p e r a t u r e peak o f i n t e r e s t t o t h i s work a r e shown i n F i g . 3. Some d a t a f o r t h e system C u z O~P~O~-C u ( I o r C l ) a r e shown i n F i g . 4.
The s t o r a g e and l o s s d a t a a r e combined t o g i v e t h e r e a l and imaginary p a r t s of t h e t e n s i l e modulus, E' and E" r e s p e c t i v e l y , i n Fig. 5 . R e s u l t s a r e shown f o r two f r e q u e n c i e s , a l t h o u g h t h e f r e q u e n c y dependence of t h e r e s p o n s e is o n l y c l e a r l y s e e n i n t h e imaginary p a r t .
Comparison w i t h e l e c t r i c a l r e s p o n s e s i s made i n F i p . . 6 f o r a composition i n t h e AgI-AgP03 system u s i n g a n i n v e r s e t e m p e r a t u r e s c a l e t o c a s t t h e d a t a i n a form simil a r t o t h a t o b t a i n e d f o r frequency s c a n s a t c o n s t a n t t e m p e r a t u r e . The l a t t e r a r e shown, i n t h e i n s e r t , f o r t h e e l e c t r i c a l modulus, M" (M* = II&*). 
approximately t h e same temperature ( i . e . t h e most probable r e l a x a t i o n time i s n o t very d i f f e r e n t ) t h e mechanical response i s much broader, p a r t i c u l a r l y on t h e high temperature (low frequency) s i d e . Indeed, t h e r e a r e temperatures a t which t h e elect r i c a l l o s s h a s almost vanished w h i l e t h e mechanical l o s s i s stil3 ' h a l f i t s maximum value. The e l e c t r i c a l r e l a x a t i o n i s d e s c r i b e d by B(t) = exp-[ ( t /~) 4 w i t h 6 = 0.45
A cornparison of l o s s peaks amongst systems of d i f f e r e n t c o n s t i t u t i o n , i n c l u d i n g t h e r e c e n t l y developed a l l -h a l i d e g l a s s e s of t h e type AgI-AgC1-CsC1, i s made i n Fig. 7 
. This f i g u r e b r i n g s o u t t h e important p o i n t t h a t systems of comparable rel a x a t i o n time may have very d i f f e r e n t l o s s magnitudes (implying t h a t d i f f e r e n t f r a ct i o n a l modulus changes a r e not c o r r e l a t e d w i t h t h e i o n i c m o b i l i t y ) .
DISCUSSION
The o u t s t a n d i n g f e a t u r e s o f t h e p r e s e n t f i n d i n g s a r e (1) 
t h e magnitude of t h e l o s s i n some b u t n o t a l 1 c a s e s compared t o previous g l a s s s t u d i e s , (2) t h e f a c t t h a t most probable times f o r e l e c t r i c a l and mechanical r e l a x a t i o n a r e c l o s e l y s i m i l a r while t h e s p e c t r a l widths a r e very d i f f e r e n t and (3) t h e f a c t t h a t d e s p i t e t h e d i f f e r e n t widths (which could be taken t o i n d i c a t e d i f f e r e n t a c t i v a t i o n energy d i s t r i b u t i o n s I l / ) t h e a c t i v a t i o n e n e r g i e s f o r t h e two types of r e l a x a t i o n a r e i n d i s t i n g u i s h a b l e . We d i scuss t h e s e i n t u r n .
Data f o r a s i n g l e system, e . g . AgI-AgP03, Fig. 3 , would supgest t h a t t h e l o s s , which i s p r o p o r t i o n a l t o t h e f r a c t i o n a l change i n modulus due t o r e l a x a t i o n , s c a l e s w i t h t h e l o g of t h e r e l a x a t i o n time. However, t h e new d a t a f o r t h e a l l -h a l i d e system show t h i s i s not s o . Thus, a t t e n t i o n must be r e d i r e c t e d from t h e m o b i l i t y of t h e s i l v e r i o n s towards t h e n a t u r e of t h e m a t r i x w i t h i n which they move. We n o t e t h e r e a r e no asymmetric anions i n t h e c a s e o f t h e h a l i d e g l a s s w h i l e t h e r e a r e triangular (BOS) groups i n t h e very l o s s y b o r a t e compared with t e t r a h e d r a l (PO+) groups i n t h e phosphate g l a s s .
I n c o n s i d e r i n g t h e meaning of t h e much g r e a t e r s p e c t r a l width f o r mechanical compared w i t h e l e c t r i c a l r e l a x a t i o n we n o t e a g a i n t h e q u a l i t a t i v e d i f f e r e n c e between t h e two responses. Given time,the e l e c t r i c a l response completely r e l a x e s a n a p p l i e d s t r e s s , i . e . t h e r e i s no zero-frequency e l e c t r i c a l modulus. By c o n t r a s t , t h e mechani c a l response r e l a x e s t h e modulus t o a zero-frequency v a l u e j u s t 5-15% l e s s than t h e high frequency v a l u e . Furthermore, t h e mechanical r e l a x a t i o n , u n l i k e t h e e l e c t r i c a l , i s secondary i n n a t u r e , t h e primary r e l a x a t i o n having been t h a t which i s observed a t t h e g l a s s t r a n s i t i o n . The e l e c t r i c a l r e l a x a t i o n i s w e l l d e s c r Comparable w i d t h s i n 1/T have been found i n t h e u l t r a s o n i c range 111, though, by GHz f r e q u e n c i e s , a remarkable narrowing t o g i v e s i n g l e r e l a x a t i o n time behavior h a s v e r y r e c e n t l y been observed / 2 / . F i n a l l y , we examine t h e t e m p e r a t u r e dependence of t h e r e l a x a t i o n p r o c e s s . The r e l a x a t i o n t i m e s 1/2lTf a r e p l o t t e d v s . t h e 1/T v a l u e s a t which t h e l o s s maxima a r e found, i n F i g . 8, f o r a l 1 t h e systems d i s c u s s e d i n t h i s paper. F i g . 8 shows t h a t t h e l e a s t l o s s y g l a s s e x h i b i t s A r r h e n i u s b e h a v i o r f o r b o t h c o n d u c t i v i t y and mechanical r e l a x a t i o n s w i t h a s i m p l e e x t r a p o l a t i o n t o t h e A~+ q u a s i -l a t t i c e " r a tt l i n g " time ( 1 / 2 r f 0 ) o b s e r v a b l e i n t h e f a r IR ( F i g . 8 i n s e r t ) . The more l o s s y g l a s s e s show r e g i o n s of non-Arrhenius b e h a v i o r . For t h e b o r a t e g l a s s , extended-range mechanical r e l a x a t i o n s t u d i e s / 1 , 2 / p e r m i t c h a r a c t e r i z a t i o n d o m t o T = 1 0 -I l s e c , s e e F i g . 8. These d a t a s u p p o r t e x t r a p o l a t i o n s of t h e n o n l i n e a r Arrhenius p l o t s t o t h e same f a r IR frequency. These r e s u l t s a r e analyzed i n more d e t a i l elsewhere / 3 / .
